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Purpose: To explore the feasibility of using 3T high-resolution MR lymphangiography to characterize
inguinal lymphatic vessel leakage (LVL).
Materials and methods: Sixteen patients with known inguinal LVL underwent 3T MR lymphangiography
and T2-weighted imaging. The presence or absence of inguinal LVL and the responsible lymphatic vessels
were determined using the above imaging modalities and conﬁrmed by surgical procedure. Afterwards,
ﬁfteen patients with recurring LVL following conservative treatment were referred to surgical
intervention.
Results: Speciﬁc inguinal LVL enhancement patterns and leaking lymphatic vessels were detected in 15 of
16 patients. Compared to the SNR of enhanced lymph nodes, that of the enhanced LVL was signiﬁcantly
greater (t ¼ 7.149, p < 0.01), thereby making it possible to differentiate between LVL sites and enhancing
inguinal lymph nodes. Furthermore, the steepest contrast enhancement curve slope of enhanced LVL was
lower than that of enhanced lymph nodes (t ¼ 2.860, p ¼ 0.02). After MR diagnosis, 15 patients
successfully underwent open exploration and ligation of the leaking lymphatic vessel. Clinical follow-up
did not demonstrate recurrence of lymphatic ﬂuid in the groin.
Conclusions: High-resolution MR lymphangiography combined with T2-weighted imaging is a promising
approach to identifying speciﬁc features of lymphatic vessel leakage in the groin.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Inguinal lymphatic vessel leakage (LVL) is a severe complication
of lymphatic vessel injury caused by surgery, lymph node biopsy
or blunt trauma.With an incidence rate of 1e4%, LVL is uncommon,
but may lead to lymphoedema of the lower extremities.1e3 In cases
when long-term conservative management of LVL fails, open
surgical ligation of the leaking lymphatic vessels should be
considered.4 Before surgery, localisation and identiﬁcation of the
responsible lymphatic vessel(s) are necessary.5 Direct lymphog-
raphy, using traditional contrast-enhanced imaging modalities
such as X-ray and lymphoscintigraphy, has been used to assess
inguinal LVL. However, X-ray lymphography is limited by technical
difﬁculties, procedural invasiveness and radiation exposure. Lym-
phoscintigraphy, while less invasive, is limited by its low sensi-
tivity and poor anatomical visualisation.6,7 Other conventional: þ86 21 63736075.
online.sh.cn (J.R. Xu).
ciety for Vascular Surgery. Publishemethods, such as ultrasonography and magnetic resonance (MR)
imaging (T1-weighted and T2-weighted imaging), are able to
identify the presence of ﬂuid accretion in tissue, but do not
distinguish between simple cysts, seromas, oedema and LVL.8
Sensitive, less invasive and time-efﬁcient magnetic resonance
lymphangiography (MRL) has successfully been used to image
lymphatic vessels in human subjects.6,7 The purpose of this study
is to characterise inguinal LVL and identify responsible lymphatic
vessels in patients using a 3T MR scanner to produce T2-weighted
images and MR lymphangiography.
Materials and Methods
Patients
Between 6 February 2009 and 17 March 2010, 16 patients,
consisting of 6 males and 10 females with known LVL and a mean
age of 34.5  24.5 years, were recruited into this study. The diag-
nosis of LVL was conﬁrmed by biochemical analysis of ﬂuid taken
from aspiration or drainage. The medical characteristics of thed by Elsevier Ltd. All rights reserved.
Table 1
Summary of the medical characteristics of patients involved in this study.
Etiological factor Case
Lymphadenectomy 3
Blunt trauma 3
Peripheral vascular surgery 10
Conservative treatment
Aspiration and compression 5
Aspiration and sclerotherapy 5
Percutaneous drainage and compression 6
Duration of LVL (weeks)
4e8 8
9e16 6
17e24 2
Severity of lower limbs lymphedema
Stage I 2
Stage II 10
Late Stage II 3
Underlying disease
Inguinal lymph node inﬂammatory hyperplasia 3
Vascular malformation 6
Varicose veins in lower extremity 4
none 3
Q. Lu et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 106e111 107cohort are summarised in Table 1. Of the 16 patients, 15 had ipsi-
lateral lower limb lymphoedema and one had no oedema. Clinical
criteria of lymphoedema staging were done using the consensus
document of the International Society of Lymphology 2009.9
Exclusion criteria included patients with contraindications for
magnetic resonance MR imaging, those allergic to Gd-contrast and/
or those with renal insufﬁciency. Institutional Review Board
approval and written consent forms were obtained for all the
subjects prior to the initiation of this study.
Surgical management
A week after MR scanning, the 15 patients who had LVL recur-
rence after conservative treatment were referred to surgical inter-
vention while the patient without leg lymphoedema continued
conservative treatment. The simpliﬁed surgical procedure included
injection of patent blue dye distally to the groin to mark the major
lymphatic vessels that drain into the groin. This was followed by
open surgical exploration of the groin and ligation of the patent
endings of the vessels.
MR imaging
All patients underwent lymphangiography using a 3.0T MR
scanner (Philips Medical Systems, Best, The Netherlands) and a six-
channel, phased-array, and sensitivity-encoding reception coil.
Accumulated ﬂuid from LVL was localised prior to lymphangiog-
raphy using turbo spin echo T2-weighted images with fat
suppression (TR/TE 3600/80 ms; thickness 5 mm; slices 24; ﬂip
angle 90; ﬁeld of view (FOV) 37  32 cm2; acquisition matrix
320  304; spatial resolution 1.15 mm  1.05 mm  5 mm), which
produced cross-sectional and coronal images of the inguinal region.
For MR lymphangiography, a 3D THRIVE sequence (T1 high-
resolution isotropic volume excitation, THRIVE) was performed.
Pre- and post-contrast injection was done using the following
parameters: TR/TE 23/2.1 ms; Flip angle 15; FOV 38  36 cm2;
matrix sise 760  720 and voxel size 0.5  0.5  1.3 mm3. The
reduction factor for sensitivity encoding was 2.0 and the number of
signal average was 2. Gadobenate dimeglumine (Gd-BOPTA, Mul-
tiHance, Bracco, Milan, Italy) mixed with 1% lidocaine (Gd-
BOPTA:Lidocaine ¼ 10:1) was injected intracutaneously using a 24-
gauge needle into the inter-digital webs of the dorsum of the foot,with four injections into each foot. The volume injected at each
point was about 1 ml. Each injection site was massaged for
approximately 30 s immediately after administration of contrast
material. After the massage, there was a deliberate 20 min delay.
This amount of time was set based on a prior MR lymphography
study.10 Then, six dynamic scans were performed in the inguinal
region to investigate contrast enhancement at the leakage sites in
real time. The duration of each dynamic scan was approximately
3 min with no delay between scans.
Image interpretation and data analysis
The three-dimensional (3D) THRIVE images were reconstructed
using maximum intensity projection (MIP). MR lymphangiography
images were interpreted by two experienced radiologists, who
evaluated the images simultaneously until a consensus was
reached. The presence or absence of inguinal LVL and its associated
lymphatic vessels were identiﬁed. The number of leaking lymphatic
vessels was then compared between the three subgroups of
patients: those who had lymphadenectomy, those with trauma and
those who had peripheral vascular surgery. The LVL site was
deﬁned as an area with accumulated ﬂuid as represented by high
signal intensity on T2-weighted imaging and extravasation of
contrast material on post-contrast MIP images. Leaking lymphatic
vessels were deﬁned as vessels with a continuous course along the
inner thighwith extension to the inguinal region ending abruptly at
the LVL site. Differentiation between LVL sites and enhancing
inguinal lymph nodes was determined by comparing the signal-to-
noise ratio (SNR) and time-signal intensity curves (TICs) obtained
from the dynamic THRIVE source images. The operator-deﬁned
regions of interest (ROIs) were placed within the lymph nodes
and leakage sites at areas of greatest enhancement. All ROIs were
placed by two radiologists. A signal intensity of the air surrounding
the body (ROI, 300 mm2) was obtained to estimate the background
signal. The SNR was determined by dividing the mean SI by the
standard deviation (SD) of noise measured outside the patient. TICs
were constructed from signal intensity (SI) values obtained from
operator-deﬁned ROIs. The contrast enhancement curve with the
steepest slope was used to measure the rate of contrast ﬂowwithin
the LVL sites and lymph nodes. The rate is mathematically
expressed by the following equation:
Steepest slope ðin percent per minuteÞ
¼ ðSImax  SITIÞ=ðTmax  T1Þ
where SImax and SIT1 are the values of SI on the steepest slope at the
corresponding time points Tmax and T1. Tmax represents the time at
which peak enhancement was achieved and T1 is the time at which
the ﬁrst dynamic scan was initiated. Statistical analysis was per-
formed using SPSS 11.0 for Windows (SPSS Inc., Chicago, IL, USA). A
Student’s t-test was used to compare the signiﬁcance of the
differences between mean values, and ANOVA test was used to
determine whether the differences between the three subgroups
were signiﬁcant. A value of P < 0.05 was taken to indicate
signiﬁcance.
Results
All patients completed the 45-min examination successfully and
two experienced radiologists conﬁrmed that the quality of the
images was sufﬁcient for analysis. No systemic or local complica-
tions were observed during or after the examinations. The LVL sites
on T2-weighted images showed encysted or irregular patchy areas
with high signal intensity in all 16 patients (Figs. 1e4). On post-
contrast 3D THRIVE images, extravasation of contrast material
Figure 1. Images from a 55-year-old female who underwent a varicose vein removal in the left lower extremity. Prior to the closure of the inguinal incisions, a 10-mm drain was
placed in the left inguinal space. On the 5th postoperative day, 120 cc of lymphatic ﬂuid was collected from the drain. Treatment with local lymph press and drainage was
unsuccessful after 30 days. A: Coronal T2-weighted imaging of the left inguinal LVL site revealed a high signal patchy area (arrow head) with a low signal arc-shaped drainage tube
(large arrow) running through. B: Pre-contrast thin-sectioned THRIVE image of the left inguinal LVL site showed a low signal patchy area (arrow head) with a lower signal drain
(large arrow). C: Coronal THRIVE source image with a resolution of 0.5 mm  0.5 mm  1.5 mm obtained at 28 min after contrast material injection. The left inguinal LVL site clearly
shows a smaller high signal patchy area (arrow head) with a low signal drain (large arrow). Three small leaking lymphatic vessels were also clearly visualized (small arrows).
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in 15 out of 16 total patients (93.8%) (Figs. 1e5). Enhancement
within the subcutaneous tissue was visualised in 12 cases (80%)
(Figs. 1e3), while enhancement within the inter-muscular space
was detected in three cases (20%) (Fig. 4). Areas of enhancement
appeared either irregular or patchy (Figs. 1, 2 and 4), or as a spotted
outline (Fig. 3). The leaking lymphatic vessels were clearly
demonstrated in 15 of 16 patients (Figs. 1e4). The number of
leaking lymphatic vessels ranged from 1 to 5, with a median of 2.
The median of leaking lymphatic vessels in patients with lympha-
denectomy, blunt trauma and peripheral vascular surgery was 2, 2,Figure 2. Images obtained from a 58-year-old female with right inguinal lymphocele after b
cyst connected to a patchy area in the right inguinal region (arrowheads). B: Coronal 3D THR
MRL revealed two smaller and connected high signal patchy areas in the same location as T
MRL images (small arrows).and 3, respectively. There was no signiﬁcant difference between
these subgroups (Z ¼ 2.093, P ¼ 0.135). The SNR at peak enhance-
ment for enhanced LVL sites was 162.9  33.5, which was greater
than that of enhanced lymph nodes (80.6  34.9 (t ¼ 7.149,
P < 0.01)). The steepest slope (in percent per minute) for enhanced
LVL was 20.9  19.6, which was lower than that of enhanced lymph
nodes (57.152.5 (t¼2.860, P¼ 0.02)) (Fig. 6). The initial time for
LVL enhancement ranged from 23 to 29min, with amean of 25min.
The lower extremity lymphoedema accompanying inguinal LVL
showed a typical honeycomb pattern within the subcutaneous
tissue on T2-weighted imaging and was observed in 15 patientslunt trauma. A: A coronal T2-weighted image depicts a large, high signal, oval-shaped
IVE MR lymphangiography obtained at 35 min after gadobenate dimeglumine injection.
2WI. Leaking lymphatic vessels connecting two separate areas were clearly shown on
Figure 3. Images obtained from a 58-year-old female with a left inguinal lymphocele after lymph node biopsy. A: Coronal T2-weighted image depicts large, high signal, rounded
cysts (arrowhead) with a number of enlarged lymph nodes (large arrows) in the left inguinal region. B: Coronal 3D THRIVE MR lymphangiography obtained 25 min after contrast
injection. MRL revealed a spotty, high signal intensity area (open arrow) within a large, rounded, low signal lymphocele (arrowhead). A ﬁne leaking lymphatic vessel was clearly
visualized (small arrow). A number of enhanced lymph nodes showed high signal intensity and were clearly seen on the MRL image (large arrows).
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went open exploration and ligation of the patent blue dye
lymphatic vessel. Clinical follow-up for 3 months did not demon-
strate recurrence of lymphatic ﬂuid or swelling in the groin. The
patient without leg oedema or enhancement of LVL was treated
with serial aspirations and compressive dressing. After 2 weeks,
clinical and sonographic follow-up showed no further growth of
the lymphocele.
Discussion
Inguinal LVL stems from lymphorrhea caused by lymphatic
channel damage from surgery, lymph node biopsy, radiation
therapy and/or trauma. Disrupted lymphatic channels often seal,
but leaks may persist in cases where there is increased lymphaticFigure 4. Images from a 40-year-old female with right inguinofemoral lymphatic leakage a
signal, irregular patchy area within the intramuscular space of the right femoral artery (arrow
arrow). The distended bladder shows a rounded, high signal structure (asterisk). B: Co
demonstrated a large amount of contrast material extravasation into the femoral inter-m
surrounded by high signal contrast (large arrow). Sharply deﬁned leaking lymphatic vesse
(asterisk).pressure, inﬂammation, infection, foreign material or scar tissue
associated with previous surgery. When conservative treatment
(percutaneous aspirations, sclerotherapy and compression) fail
surgical treatments such as operative exploration of the groin space
and excision of a portion of the LVL wall must be considered.1,11e14
Prior to surgery, localisation of the LVL site and its contributing
vessels is necessary. Conventional techniques such as X-ray
lymphography have been limited in usefulness due to radiation
exposure, procedural invasiveness and potential complications,
including damage to the lymphatic endothelium and pulmonary oil
embolism.2 On the other hand, MRL has been shown to be safe and
relatively noninvasive, thereby making it a promising diagnostic
method for localising the LVL site and its contributing vessels.6,7 In
our study, MRL was able to localise the LVL sites to the subcuta-
neous tissues in 80% of cases and within the muscle compartmentfter vascular malformation surgery. A: Coronal T2-weighted image shows a large, high
heads). The linear sign of the femoral artery and vein shows low signal intensity (large
ronal 3D high-resolution MR lymphangiography obtained at 26 min after injection
uscular space (arrowheads). Also identiﬁed were the linear femoral artery and vein
ls were also identiﬁed (small arrows). Note the contrast enhancement of the bladder
Figure 5. Images obtained from the same patient as Fig. 2. Coronal THRIVE MR lymphangiography acquired at pre-contrast injection and at 20, 23, 26, 29, 32, 35 min after contrast
injection. MRL revealed extravasation of contrast material into the inguinal region and demonstrated an increasing patchy area with increasing enhancement.
Q. Lu et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 106e111110in 20% of cases. Nearby structures, such as arteries and veins, were
easily differentiated from lymphatic vessels (Fig. 4). Furthermore,
MRL successfully identiﬁed and characterised inguinal LVL sites in
93.8% of patients by using high-resolution imaging provided by
3.0T MR. Time-signal intensity curves of enhanced LVL and inguinal
lymph nodes were used to differentiate between the two.
While LVL sites on conventional MRI T2-weighted images
appeared as high signal intensity lesions on all patients in our
study, the images could not distinguish between different types of
ﬂuid-containing lesions such as haematomas, seromas, simple cysts
or abscesses. However, when the T2-weighted images were
combined with MRL, they sufﬁciently and selectively enhanced LVL
sites against background tissue, thus providing valuable andFigure 6. Graphs depict the enhancement proﬁles obtained from 15 patients at 0, 20,
23, 26, 29, 32 and 35 min after subcutaneous injection of contrast material, as deter-
mined on the basis of signal intensity in LVL and inguinal lymph nodes. Error bars
represent the standard error of the mean.speciﬁc information about LVL and its accompanying complica-
tions. Taken together, these results strongly propose that MRL, in
combination with commercially available small-molecular-weight
contrast agents, is a promising modality that may help to mini-
mise tissue architecture trauma during surgical treatment of LVL.
Although MRL with a water-soluble, low-molecular-weight
contrast agent has been demonstrated as a safe and noninvasive
technique to display lymphatic vessels, visualisation of leaking
lymphatic vessels has been challenging due to the need for a high
degree of spatial resolution.6,7,10,15 Lohrmann et al. successfully
detected postoperative lymphoceles in three cases using MRL but
the leaking lymphatic vessels were not visualised.10,16 Therefore,
our study used a 3.0T MR with higher-resolution settings of
0.5  0.5  1.3 mm3 to potentially image small but signiﬁcant
lymphatic abnormalities. Theoretically, imaging at 3.0T leads to
a twofold increase in the SNR compared to 1.5T, as the signalFigure 7. Image obtained from the same patient as Fig. 2. Transversal T2-weighted
fast-spin echo image with fat suppression reveals an extensive reticular pattern of
epifascial lymphedema due to lymph ﬂow obstruction (arrows).
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plane resolution, which allowed for visualisation of even small
leaking lymphatic vessels. In presented study, one patient did not
show enhanced LVL and its leaking lymphatic vessel on MRL within
the time of inspection. This patient suffered from a lymphocele
with approximate 4 cm in diameter in inguinal region after trauma.
When complete aspiration of lymphocele was performed, it took 2
or 3 days to have a recurrence. It is supposed that lymph ﬂuid
entering into lymphocele was not directly from leaking lymphatic
vessel, but from the ﬂuid extravasation on the wall of lymphocele.
We chose to use intracutaneous injection because it places the
contrast material close to the lymphatic capillaries and precollector
sections capable of contrast absorption. In previous MR lymphog-
raphy and lymphoscintigraphic studies, injection via the subcuta-
neous or intracutaneous route has been shown to positively
inﬂuence contrast media transport and distribution.19e21 Massage
was employed immediately following intracutaneous administra-
tion to facilitate rapid transport and distribution. Studies have also
demonstrated that lymphatic uptake of the contrast beneﬁts from
local pressure.22 The average time to contrast extravasation into the
surrounding inguinal area in our studywas 25min, which is shorter
than the 35e55 min in a previous study on inguinal lymphoceles.16
Sufﬁcient contrast enhancement of LVL sites was achieved after the
third acquisition of the THRIVE sequence. If this point were to be
designated the end of the MR scan, the total MR examination time
would be approximately 35 min, thereby supporting MRL as
a practical and efﬁcient modality.
There were several limitations to our study. First, we did not
have a control group of operated patients without clinical LVL.
Instead, we used the patients’ surgical ﬁndings to conﬁrm our MRL
results. Second, our studywas based on a relatively small number of
patients so a validation of the proposed high-resolution MRL
technique with a larger patient cohort is required in the future.
Also, since the contrast agent used to perform MRL was a water-
soluble, low-molecular-weight Gd-containing contrast, it could
potentially be eliminated from the circulatory system. Using
a macromolecular contrast agent may overcome this issue.23
Conclusions
High-resolution MR lymphangiography is a minimally invasive
imaging modality for characterising inguinal LVL. Feasible at 3.0T,
MR lymphangiography is also easily performed in a reasonable
amount of time. When combined with T2-weighted imaging, MR
lymphangiography allows for identiﬁcation of critical features of
LVL sites in the groin, which may provide information necessary to
improve surgical treatment of LVL.
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